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ABSTRACT 

The present study was intended to find out whether the calcium supplements with vitamin D significantly affect 
the serum calcium, the urinary calcium, and the serum phosphate & the urine phosphate levels in post-menopausal 
women. Among sixty healthy postmenopausal women enrolled, thirty formed the study group (SG) with calcium 
supplementation for a period of a month, three months and twelve months, and the remaining thirty women formed the 
age-matched control group (CG) with no calcium supplementation. By using the appropriate biochemical methods the 
levels of serum calcium, urinary calcium, serum phosphate and urine phosphate were estimated, and the data were 
analyzed by using relevant statistical methods. In spite of consuming the calcium supplements over a period of time, the 
serum calcium levels did not vary significantly in SG, but the urinary calcium levels increased progressively (p value 
<0.005) in those who were administered the calcium supplements for a period of twelve months as compared to those for 
a month duration. There was initial decrease in serum phosphate level (after a period of 1 month of calcium intake), the 
serum phosphate levels gradually reached to the levels of control group, along with progressive increase in urinary 
phosphate levels as that in the control group (p value < 0.005). Thus, the calcium supplements, though, were of little 
significance on the serum calcium levels, however, have a significant effect on the levels of urinary calcium, serum 
phosphate and the urinary phosphate in post-menopausal women. 
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INTRODUCTION 

Calcium plays a vital function in several important cellular physiological processes (Nordin, 1997), and 
the body regulates the plasma concentration of free ionized calcium (the physiologically active form of the ion) 
towards maintaining the plasma calcium levels within the normal range (1.0 and 1.3 mM) or (4.0 - 5.2 mg/dL). 
Phosphate is no less important because it is part of adenosine triphosphate (ATP) molecule. Phosphate plays a 
critical role in cellular energy metabolism, in activation and deactivation of enzymes. However, unlike the 
calcium, the plasma phosphate concentration is not very strictly regulated and its levels fluctuate throughout the 
day, particularly after meals. 

Calcium homeostasis and phosphate homeostasis are intimately tied to each other on account of two reasons. First, 
calcium and phosphate are the principal components of hydroxyapatite (Ca 10 (P0 4 ) (OH 2 ) 2 ) constituting the 
predominant mineral contents of bone. Second, calcium and phosphate are regulated by the same hormones, viz. 
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primarily PTH and 1, 25 (0H) 2 Vitamin D (Calcitriol) and to a lesser extent the hormone calcitonin. However the actions 
of these hormones on calcium and phosphate are typically opposed in that a particular hormone may elevate the level of 
one ion while lowering that of other (Eugene and Paula, 2003). Moreover, not all calcium consumed is absorbed in the 
GIT. Depending upon the food consumed, about 30% the calcium in foods was reported to be consumed by the humans 
(Committee Report, Washington DC, Institute of Medicine, 2010). Other factors also affect calcium absorption, such as (a) 
the amount consumed: increased calcium intake decreased the efficiency of absorption, and (b) age and life stage: in 
infants the calcium absorption is 60% higher, hence the significant amount of the mineral was reported to be required for 
the bone, (National Institutes of Health, 1994). 

Because of the worries in the community about calcium insufficiency in their bone wellbeing, there has been an 
expanded use of calcium supplements by the postmenopausal women. Especially, the low dietary admission of calcium in 
elderly ladies has been accounted for to be lessening the bone mineral density (Dawson-Hudges et al., 1990; Prince et al., 
1995; Reid et al., 1995), and in this manner the adequate amount of calcium should be acquired in postmenopausal women 
to protect the bone wellbeing (McKane et al., 1996). As of late there has been an increment in the remedy for the calcium 
insufficiency, and hence the augmented misuse of calcium as a medicinal means has been embroiled to numerous 
complications, for example, increment of gall stones, renal stones, expanded rate of myocardial infarction and different 
fibrotic conditions (Bolland et al., 2010). Conventional calcium supplements consumed by the old age individuals to 
reinforce bones might support the danger of heart attacks, recommending for revisiting the role of calcium in the treatment 
of osteoporosis (Cleland et al., 2010). Calcium tablets have been normally endorsed to support skeletal wellbeing, yet late 
studies (Reid et al., 2006; Bolland et al., 2008) proposed that they might raise the rates of myocardial infarctions and 
cardiovascular events even in healthy old age women. Cleland et al., (2010) called attention to that paying little mind to 
influencing effects on heart attack rates; calcium supplements were likely not exceptionally proficient in decreasing 
fractures. In community-inhabiting postmenopausal women without any manifestations of bone ailment, for example, 
osteoporosis, every day supplementation with 1,000 mg or less of calcium and 400 IU or less of vitamin D did not avoid 
bone fractures (Moyer, 2013). The balance of calcium has additionally been accounted for to be altogether affected by the 
adjustments in the amount of calcium discharged in the urine (Heaney, 1996) and studies (Yoshida et al., 2012; Heinrich et 
al., 2008) reported the relationship of urinary calcium with consumption of calcium and therefore the urinary calcium can 
be used as an index of calcium ingestion. Although the literature abounds with the data on intestinal calcium assimilation, 
calcium metabolism, and calcium adjustments, the data needs a simple, observational relative study on calcium 
supplementation influencing the calcium phosphate interrelationship in postmenopausal ladies. Therefore, we have 
performed an age-matched comparative investigation of the calcium supplementation with reference to the serum calcium, 
the urinary calcium, the serum phosphate and the urinary phosphate levels among the supplemented and non-supplemented 
postmenopausal women. This study is basic, observational relative study, not tedious, with no follow-up, just with 
estimation of serum and urinary calcium levels, and serum and urinary phosphate levels, while the components like vitamin 
D and PTH hormonal measures and serum estrogen levels are being the restraints of the present study. 

MATERIALS AND METHODS 
Subjects 

The subjects enlisted in the study were postmenopausal ladies going to the out-patient ward. Orthopedics, 
Osmania General Hospital, Afzal Gunj Hyderabad, Andhra Pradesh, India. The participants for this study - browsed the OP 
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register - were the individuals who had already consumed calcium supplements with vitamin D. They availed the 
supplements from the hospital pharmacy (dicalcium phosphate with vitamin D). The subjects for this study were 60 (30 
study group and 30 control group) postmenopausal women of the age between 48-60 years. Women with a background 
marked by disorders, for example, diabetes, hypertension, malignancies, and renal ailments were excluded ineligible 
similar to those with some other restorative conditions that influence calcium metabolism. The women included for this 
study were those who were not on hormone substitution treatment, not with bone fractures, and not had been the regular 
users of anabolic steroids, glucocorticoids, anticonvulsants or any other medications known to influence calcium 
metabolism for the previous twelve months. The healthy postmenopausal women were enlisted in view of the background 
and other routine clinical examinations and allocated to calcium study group (SG) on calcium supplementation and the 
control bunch (CG) not on calcium supplementation. The SG comprised of thirty postmenopausal women, the individuals 
who were on calcium supplements with vitamin D for a month, up to three months, and up to twelve months 
(measurements: each uncoated tablet-dicalcium phosphate IP-0.5 gm; vitamin D3 IP - 500 universal units; 2 tablets OD). 
While the age-controlled control group of thirty subjects were not given any placebo and encouraged to proceed with their 
routine diet and way of life. 

Ethics Approval 

Ethical approval was endorsed from the ethical committee of Osmania Medical College, Hyderabad, before 
beginning. Informed written consent was obtained from every member before partaking in the study. 

Data Collection 

The subjects were allocated utilizing our own organized approved questionnaire at the beginning of the study. 
Written consent was taken from every one of the subjects subsequent to clarifying them about the reason and utilization of 
study. 

Sample Collection 

The blood and urine samples were collected from both the SG and the CG for estimation of serum calcium, urine 
calcium, serum phosphate and urinary phosphate. The subjects were studied while taking their typical eating routine 
without particular dietary suggestions, yet were requested to continue fasting from 9 pm the day preceding sample 
collection. The blood samples and 24 hour urinary samples were collected the next morning at 8 am in sterile, clean dry 
containers, and stored at - 20°C 

Estimation of Serum Calcium Levels 

Serum levels of calcium were measured by using calcium-kit method (Smith Ir and Baucer, 1979; (Budesinky, 
1969; Cadwell, 1970) - calorimetric method using Arsenazo III. 

Estimation of Serum Phosphorus Levels 

Serum levels of phosphorus were measured by using the phosphorous kit-method (Daly, 1972; Gamst and Try, 
1980; Amador and Urban, 1977) - UV-end point method using ammonium molybdate 
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Estimation of Urinary Calcium Levels 

The 24 hourly collected urine samples were assigned for estimation of urinary calcium by using calorimeter based 
calcium-kit method by using Arsenazo III. 

Estimation of Urinary Phosphorous Levels 

The 24 hourly collected urine samples were assigned for estimation of urinary phosphorous levels by using the 
phosphorous kit-method (Daly, 1972; Gamst and Try, 1980; Amador and Urban, 1977) - UV-end point method using 
ammonium molybdate. 

Statistical Methods 

The statistical analyses were performed by contrasting the information in different subgroups of SG and CG and 
the measures of serum calcium, urinary calcium, and serum phosphate and urinary phosphate were performed by utilizing 
analysis of variance for multiple measurements. The biostatistical assessment was completed utilizing the statistical 
routine, SPSS form 18.0 (PASW statistics) for windows, (SPSS, Inc.; Chicago, II). 

RESULTS AND DISCUSSIONS 

The relative data for serum calcium, urine calcium, serum phosphate and urinary phosphate among the study 
group and the control groups are presented in Table 1. The mean and the standard deviation values for the serum calcium 
in both the control group and the study group exhibited little variation. There was also little variation in values of serum 
calcium within the study group itself in spite of supplementation for the duration of more than 3 months. 

The outcomes for analysis of variance (Table 2) indicated little significance for serum calcium in both SG and 
CG. In the study group, despite the fact that there was a consistent supply of the same amount of calcium, there was no 
significant change of serum calcium. Hence, it is suggested that in SG and CG of the post-menopausal women in the same 
age and with the same incorporation and avoidance criteria, the impacts of hormones on calcium metabolism are apparent 
to be the same. Such a perspective was steady with a reported study (Dawson-Hughes et al., 2009) that, no undeniable side 
effects were realized in the short term with insufficient ingestion of dietary calcium from food and supplements, as the 
circulating blood levels of calcium were firmly controlled and did not change with little adjustments in dietary calcium 
intakes. The comparative assumed hormonal impacts on calcium metabolism from our results additionally support the 
certainty (Goldman, 2007) that as for calcium, the homeostatic framework was adequately adaptable to keep up blood 
ionized calcium within the normal range without being hindered by wide variances in dietary calcium ingestion and 
changing rates of bone mineralization. 

The urinary calcium levels dynamically enhanced in SG as contrasted with those in the CG. Indeed, even in SG, 
the urinary calcium levels were high in those subjects who were administered with calcium supplements for twelve 
months. The analysis of variance results (Table 2) also likewise demonstrated a statistical significance (p < 0.05) for 
urinary calcium in SG, whereas there were no measurably noteworthy variations in CG. Nevertheless, just two subjects 
among the thirty of the SG displayed lower levels of urinary calcium. This finding of urinary calcium just in two subjects 
may not be of much essentialness to the general study. This might presumably be because of the impact of PTH hormone 
and Vit D, which were the major restraints of our study. Additionally, there might be the likelihood of minor mistakes 
amid the sample collection, transport and storage, and estimation of urinary calcium levels amid the study. 
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There was an enduring increment in urinary calcium levels comparing to the duration of ingestion of calcium 
supplements (i.e. more urinary calcium levels in subjects taking calcium supplements for over three months contrasted with 
those taking for one month). These expanded levels in urinary discharge of calcium may indirectly reveal the elevation of 
the renal limit for discharge. As the urine sample was collected following 24 hours of admission of last dosage of calcium 
supplements, the amount of calcium absorption and later spilling in urine is uncertain, offering approach to different 
intricacies, for example, build up in the delicate tissues, henceforth empowering the extension for controling the 
unpredictable utilization of calcium supplements in post-menopausal women. 

The Mean and SD of serum phosphate levels (Table 2) in CG were compared with those of serum phosphate 
levels in the SG (1 month, 1-3 months, and >3 months). It exhibited the value of 3.1 in 1 month to 3.7 in 1-3 months, then 
to 3.9 in >3 months slowly reaching the mean of 4.4 in CG. Also SD from 0.6 to 0.8 to 0.5 in study group trying to reach 
0.6 in the control group. This showed a gradual restoration of serum phosphate levels to those of the levels in CG over a 
period of time. Therefore, it indicated a decrease in the serum phosphate levels in the beginning, but exhibited a gradual 
restoration to the levels of control over a period of time in SG. The amount of phosphate excreted in urine was 
corresponding to that of serum phosphate (Table 1). As the subjects in SG and CG were post-menopausal women with the 
same consideration and avoidance criteria and age-matching, the impacts of hormones on calcium homeostasis was 
apparent to be the same. In lieu of the restraints of our study, the estimation of hormones during this period was not 
attempted to. 

As stated earlier, in case of CG there was no statistically significant variation of serum calcium and urinary 
calcium. In SG even though there was a constant supply of the same amount of calcium, there was a progressive increase in 
the amount of calcium excretion with no significant alteration of serum calcium, but there was a significant decrease of 
serum phosphate in the beginning and a gradual restoration to the levels of the control group over a period of time. The 
initial decrease of serum phosphate may be reflecting the transient disturbance in a calcium-phosphate interrelationship 
due to calcium supplements. Therefore the gradual returning of serum phosphate to the levels that of control group was 
presumed to be an indication of the restorative time frame of calcium and phosphate levels. After a period of over three 
months and above, the levels of serum phosphate significantly reached to the levels of the control group, that is the calcium 
and phosphate interrelation was restored significantly, but still it was incomplete; the values of the Mean and SD of serum 
phosphate in SG where the levels were almost trying to reach the levels in control group gradually over a period of time, i. 
e. little near to levels in the control group after 1 month, then little more from 1-3 months, almost nearing after 3 months 
and above, but still not reaching the same levels as in the control group. Hence the calcium-phosphate interrelation was 
restored, but still incomplete though significant. 

Despite a normal physiological reciprocal-relationship between the serum calcium and the serum phosphate 
levels, the serum phosphate levels were decreasing at the beginning with no corresponding increase in the serum calcium 
levels (Table 1). The increased levels in urinary excretion of calcium indirectly reflect the transient increase of serum 
calcium with calcium supplements. This is because of the fact that the more dose of calcium (through calcium supplements 
taken over a period of time) might have caused more calcium getting absorbed from the gut and getting expelled in urine. 
This indirectly reflects the transient increase of serum calcium with supplements. Table 1 also showed a progressive 
increase in urinary phosphate along with serum phosphate levels reaching to the levels of the control group during the 
period of study (i.e. over a period of time of 1 month, 1 - 3months, and >3 months). _If calcium supplementation was more 
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than the renal threshold levels of excretion, there could be a danger of calcium deposition in various soft tissues, causing 
various disorders like increased incidence of calcium stone formation in the gall bladder or kidney and increase incidence 
of myocardial infarction. 

CONCLUSIONS 

There was no critical change in serum calcium levels in the SG even after utilization of calcium supplements for a 
period of twelve months, while the urinary calcium levels dynamically elevated just in SG and not in CG. This implied the 
calcium supplementation in the long run had little impact on serum calcium levels yet essentially influencing the urinary 
calcium levels. The significant dropping off in the serum phosphate levels at the beginning of the study also could not 
reciprocally increase the serum calcium levels. The initial decrease of serum phosphate and gradual restoration to the levels 
of CG might be reflecting the transient disturbance in the calcium-phosphate interrelationship due to the calcium 
supplements in post-menopausal women. 

ACKNOWLEDGEMENTS 

Prof. B. Ram Reddy and Prof. Ch. N. Rajkumari of Osmania Medical College, Hyderabad, Andhra Pradesh, India 
are thankfully acknowledged for their valuable suggestions and advice for the present work. 

Conflict of Interest: The authors declare they have no conflict of interest. 

Financial Support: This research work received no specific grant from any funding agency, commercial or not- 
for-profit sectors, and had not involved any sponsors 

Statement of Authorship: MNS initiated and designed the study, participated in the data acquisition, contributed 
in statistical analysis and in reviewing the manuscript. AKK performed the statistical analysis, conceived the study, in its 
design and coordination, drafted the manuscript and edited the manuscript. All authors have read and approved the final 
manuscript. 

REFERENCES 

1. Amador E, Urban J (1977). Simplified serum phosphorus analysis by continuous flow UV spectrophotometry. Clin. Client. 18: 
60. 

2. Bolland MJ, Avenell A, Baron JA, Grey A, MacLennan GS, Gamble GD, Reid IR (2010). Effect of calcium supplements on the 
risk of myocardial infarction and cardiovascular events: meta-analysis. Brit. Med. J. 341: c3691 doi:10.1 136/bmj.c3691. 

3. Bolland MJ, Barber PA, Doughty RN, Mason B. Horne A, Ames R. Gamble GD, Grey A, Reid IR (2008)._ Vascular events in 
healthy older women receiving calcium supplementation: randomized controlled trial. Brit. Med. J. 336: 262-266. doi: 
10.1 136/bmj. 

4. Budesinky B (1969). Chelnates. Analyt. Chem. 18: 5067-5073. 

5. Cadwell PC. (1970). Calcium chelation buffers. In: Cuthbert AW (Ed.). Calcium and Cellular Function, (pp. 10-16). London: 
Mackmillan Publishing Co Inc. 

6. Cleland JGF, Klaus W, Sue S (2010). Calcium supplements in people with osteoporosis (2010) Brit. Med. J. 341: c3856. doi: 
http://dx.doi. org/1 0. 1 136/bmj. c3856. 

7. Committee to Review Dietary Reference Intakes for Vitamin D and Calcium, Food and Nutrition Board, Institute of Medicine. 
(2010). Dietary Reference Intakes for Calcium and Vitamin D. Washington DC: Academic Press 


Impact Factor (JCC): 5.4638 


NAAS Rating: 3.54 



Changes in Serum Calcium, Urine Calcium, Serum Phosphate and Urine 
Phosphate Levels by Calcium Supplements in Post-Menopausal Women 


65 


8. Daly JA, Ertinsshausen G (1972). Direct method for determining inorganic phosphate in serum with the “CentrifiChem”. 
Clin. Chem. 18 (3): 263-265. 

9. Dawson-Hudges B, Dallal GE, Krall EA, Sadowski L, Sahyoun N, Tannenbaum S (1990). A controlled trial of the effect of 
calcium supplementation on bone density in postmenopausal women. N. Engl. J. Med. 323: 878-883. 

10. Dawson-Hughes B, Harris SS, Palermo NJ, Castaneda-Sceppa C, Rasmussen HM. Dallal GE (2009). Treatment with 
potassium bicarbonate lowers calcium excretion and bone resorption in older men and women. J. Clin. Endocrin. Metab. 94: 
96-102. 

11. Eugene & Paula B. (2003). The Parathyroid glands and vitamin D. In: Boron WF, Boulpaep E (Eds.). Medical Physiology, 
2nd Edn. (pp. 1094-1103). Philadelphia: W B Saunders Publishing. 

12. Gainst O, Try K (1980). Determination of serum-phosphate without deproteinization by ultraviolet spectrophotometry of the 
phosphomolybdic acid complex. Scand. J. Clin. Lab. Invest. 40 (5): 483-486. 

13. Goldman L, Schafer Al. (2007). Goldman's Cecil Medicine. Philadelphia: Elsevier Saunders. 

14. Heaney RP. (1996). Calcium. In: Bilezikian JP, Raisz GA, Rodan GA (eds). Principles of Bone Biology. New York: Academic 
Press, pp 1007-1018. 

15. Heinrich T, Heidt H, Hafner V, Schmidt-Gayk H, Jenetzky E, Waiter-Sack 1, Mikus G, Bommer J (2008). Calcium load during 
the administration of calcium carbonate or sevelamer in individuals with normal renal function. Nephrol. Dial. Transplant. 23 
(9): 2861-2867. doi: 10.1093/ndt/gfnl51. 

16. McKane WR, Khosla S, Egan KS, Robins SP, Burritt ME, Riggs BL (1996). Role of calcium in modulating age-related 
increases in parathyroid function and bone resorption. J. Clin. Endocrin. Metab. 81:1699-1703. 

17. Moyer VA (2013). Vitamin D and calcium supplementation to prevent fractures in adults: U.S. Preventive Services Task Force 
recommendation statement. Ann. Int. Med. 158: 691-696. doi: 10.7326/0003-4819-158-9-201305070-00603. 

18. Nordin BEC (1997). Calcium and osteoporosis. Nutrition. 13: 664-686. 

19. National Institutes of Health (1994). Optimal calcium intake: NIH Consensus Statement. 12: 1-31. 

20. Prince R, Devine A, Dick I, Cridle A, Kerr D, Kent N, Randell A, Prince R (1995). The effects of calcium supplementation 
( milk powder or tablets ) and exercise on bone density in postmenopausal women. J. Bone. Min. Res. 10: 1068-1075; 
doi: 10.1002/jbmr. 56501007 11 

21. Reid IR, Ames RW, Evans MC, Gamble GD, Sharpe SJ (1995). Long-term effects of calcium supplementation on bone loss and 
fractures in postmenopausal women - a randomized controlled trial. Am. J. Med. 98: 331-335. 

22. Reid IR, Mason B, Horne A, Ames R, Reid HE, Bava U, Bolland MJ, Gamble GD (2006). Randomized controlled trial of 
calcium in healthy older women. Am. J. Med. 119 (9): 777-785. 

23. Smith HG Jr, Baucer PJ (1979). Light-induced permeability changes in sonicated bovine disks: arsenazo III and flow system 
measurements. Biochem. 18: 5067-5073. 

24. Yoshida M, Fukuwatari T. Sakai J, Tsuji T, Shibanda K (2012). Correlation between mineral intake and urinary excretion in 
free-living Japanese young women. Food. Nutr. Sci. 3: 123-128 doi: 10.4236/fns.2012.31018], 


www.tjprc.ors 


editor@tjprcorg 


66 


Malika Noorjehan Samozai & Ashok Kumar Kulkarni 


APPENDIXES 


Table 1: Comparison between the Control and Subject Groups Depending on Period of Intake of Calcium 



Control Group 
(Not on Calcium 
Supplementation) 

Study Group 

(Calcium Supplementation) 


Period of Intake of Calcium 



1 Month 


3 Months 


12 

Months 


Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

Age 

51 

4 

52 

4 

50 

1 

51 

1 

Serum 

Calcium 

(mg/dl) 

8.6 

0.3 

8.5 

0.2 

8.5 

0.3 

8.9 

0.5 

24 hrs 
Urinary 
calcium 
(mg/dl) 

131 

14 

142 

39 

192 

15 

237 

13 

Serum 

phosphorous 

(mg/dl) 

4.3 

0.6 

3.0 

0.5 

3.6 

0.8 

3.8 

0.5 

24 hrs 
Urinary 
phosphorous 
(gm/dl) 

0.98 

0.08 

0.55 

0.33 

0.55 

0.25 

0.81 

0.27 


Table 2: Results Analyses of Variance with Mean Values of Serum Calcium, 
Urinary Calcium and Serum Phosphate and Urinary Phosphate 



Sum of Squares 

Df 

Mean Square 

F* 

Sig. 

Serum Calcium (mg/dl) 

Between Groups 

0.543 

3 

0.181 

1.584 

0.203 


Within Groups 

6.381 

56 

0.114 




Total 

6.923 

58 




24 hrs urinary calcium (mg/dl) 

Between Groups 

83710.8 

3 

27903.6 

55.85 

0.000 


Within Groups 

27974.5 

56 

499.54 



Serum phos( mg/dl) 

24 hrs urinary phos gm/day 

Total 

Between groups 
Within groups 
Total 

Between groups 
Within groups 
Total 

111685.4 

17.65 

23.36 

41.02 

2.195 

2.714 

4.911 

59 

3 

56 

56 

33 

55 

58 

5.885 

417 

0.732 

0.048 

14.104 

15.090 

0.000 

0.000 


* Asymptotically F distributed 
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